ABSTRACT: Objective: To validate a case definition of multiple sclerosis (MS) using health administrative data and to provide the first province-wide estimates of MS incidence and prevalence for Saskatchewan, Canada. Methods: We used population-based health administrative data between January 1, 1996 and December 31, 2015 to identify individuals with MS using two potential case definitions: (1) ≥3 hospital, physician, or prescription claims (Marrie definition); (2) ≥1 hospitalization or ≥5 physician claims within 2 years (Canadian Chronic Disease Surveillance System [CCDSS] definition). We validated the case definitions using diagnoses from medical records (n = 400) as the gold standard. Results: The Marrie definition had a sensitivity of 99.5% (95% confidence interval [CI] 92.3-99.2), specificity of 98.5% (95% CI 97.3-100.0), positive predictive value (PPV) of 99.5% (95% CI 97.2-100.0), and negative predictive value (NPV) of 97.5% (95% CI 94.4-99.2). The CCDSS definition had a sensitivity of 91.0% (95% CI 81.2-94.6), specificity of 99.0% (95% CI 96.4-99.9), PPV of 98.9% (95% CI 96.1-99.9), and NPV of 91.7% (95% CI 87.2-95.0). Using the more sensitive Marrie definition, the average annual adjusted incidence per 100,000 between 2001 and 2013 was 16.5 (95% CI 15.8-17.2), and the age-and sex-standardized prevalence of MS in Saskatchewan in 2013 was 313.6 per 100,000 (95% CI 303.0-324.3). Over the study period, incidence remained stable while prevalence increased slightly. Conclusion: We confirm Saskatchewan has one of the highest rates of MS in the world. Similar to other regions in Canada, incidence has remained stable while prevalence has gradually increased. RÉSUMÉ: Établir l'incidence et la prévalence de la sclérose en plaques en Saskatchewan. Objectif: Au moyen de données administratives relatives à la santé, valider une définition des cas de sclérose en plaques (SP) et fournir les premières estimations de l'incidence et de la prévalence de la SP en Saskatchewan. Méthodes: Les données administratives que nous avons utilisées se rapportaient à la période allant du 1 er janvier 1996 au 31 décembre 2015 et étaient relatives à la population de la Saskatchewan. Nous avons ainsi cherché à identifier des individus atteints de SP au moyen de deux définitions de cas potentielles : (1) ≥3 demandes de remboursement d'un hôpital, actes facturés par un médecin ou demandes de règlement relatives à un médicament sur ordonnance (définition de Marrie); (2) ≥1 hospitalisation ou ≥5 actes facturés par un médecin au cours de deux ans (définition du Système canadien de surveillance des maladies chroniques [SCSMC]). À titre de norme de référence, nous avons ensuite validé ces définitions de cas en nous référant à des diagnostics établis dans des dossiers médicaux (n = 400). IC 95 %, 96, 9), une VPP de 98,9 % (IC 95 %, 96,9) et une VPN de 91,7 % (IC 95 %, 87,0). À l'aide de la définition de Marrie, plus sensible, il appert que l'incidence moyenne annuelle ajustée de SP par 100 000 habitants était, entre 2001 . En ce qui regarde la prévalence standardisée de SP selon l'âge et le sexe en Saskatchewan, elle était de 313,6 par 100 000 habitants en 2013 (IC 95 %, 303, 3) . Il est à noter, au cours de la période étudiée, que l'incidence de SP est demeurée stable alors que la prévalence s'est accrue légèrement. Conclusions: Nous pouvons confirmer que la Saskatchewan possède un des taux de SP parmi les plus élevés au monde. De 1996 à 2015, l'incidence de cette maladie est demeurée stable alors que sa prévalence a légèrement augmenté. Il s'agit là d'une constatation similaire à celles qui caractérisent d'autres régions au Canada.
INTRODUCTION
With~100,000 affected individuals, Canada has one of the highest rates of multiple sclerosis (MS) in the world. 1 Despite the high prevalence, precise estimates of epidemiology are missing for some Canadian regions. The etiology of MS remains elusive but evidence suggests geographic and environmental factors, including genetic heterogeneity, may play an important role.
Establishing incidence and prevalence in specific regions can contribute to the understanding of etiologic factors and inform decisions related to resource allocation and access to MS care and supports. 3 Several methods exist for determining the incidence and prevalence of a disease, including the use of health administrative data. In Canada, two well-recognized definitions for identifying cases of MS from administrative data exist, with differing potential strengths and limitations, and have been used to estimate the incidence and prevalence in several provinces. 4, 5 The province of Saskatchewan is often cited as having one of the highest rates of MS in Canada, 6 ,7 yet population-wide estimates have never been reported from this region. The purpose of this study was twofold: to test two case definitions of MS using health administrative databases; and to establish valid estimates of the incidence and prevalence of MS in Saskatchewan.
METHODS

Data Source
Saskatchewan has a stable population of just over one million people. 8 Almost all (99%) residents of Saskatchewan are entitled to publicly funded provincial health care benefits apart from those covered federally, including members of the Canadian Forces, Royal Canadian Mounted Police, and federal inmates. 9 The Saskatchewan government maintains several databases that record health services delivered to provincial beneficiaries including physician claims, hospital visits, prescription drugs, vital statistics, and population registry information. 9 Diagnoses are recorded using International Classification of Disease (ICD) codes. In the hospital discharge database, diagnoses were reported using the ninth revision (ICD-9) until 2002, and currently use ICD-10-CA. Diagnoses in physician claims data are recorded using three-digit ICD-9 codes. 9 The prescription drug database records medication dispensations for medications. All demographic information was obtained from the population registry. 9 
Identification of Cases and Controls for Validation
A random sample of 200 patients with clinically definite MS were identified from the provincial MS clinic in Saskatchewan. Patients received their diagnosis from specialists providing clinical services according to prevailing diagnostic criteria. [10] [11] [12] [13] In addition, 200 individuals without an MS diagnosis ("controls") were randomly selected from the Inpatient Rehabilitation Center database. This database captures diagnostic information (via tick boxes) on numerous chronic diseases, one of which is MS. 14 Health region employees not involved with the study randomly selected cases and controls from these databases, and only de-identified information was released to researchers.
Case Definitions and Validation
Two case definitions for MS were applied to cases and controls between January 1, 1996 and December 31, 2015. The first definition required ≥3 hospital, physician, or drug claims, and has been previously validated by Marrie et al., and used in other Canadian provinces and observational research. [15] [16] [17] [18] [19] [20] [21] The second definition, released by the Canadian Chronic Disease Surveillance System (CCDSS), required ≥1 hospitalization or ≥5 physician claims within 2 years. 5 Hospital transfers and re-admissions within 1 day of a discharge date were considered as one hospitalization episode and collapsed into a single hospital claim. We selected these definitions because they have been previously validated or used in other Canadian studies. 15, [20] [21] [22] As a complementary analysis, we also tested several other case definitions (Table S1) to allow for comparability with other Canadian studies or for situations where a potentially more sensitive or more specific definition may be warranted.
For each administrative case definition, the sensitivity (proportion of true positives correctly identified), specificity (proportion of true negative correctly identified), positive predictive value (PPV), and negative predictive value (NPV) (with a 95% confidence interval [CI]) were calculated as compared with the reference standard. A κ statistic was used to estimate the agreement between the administrative case definition and the medical records identification for each case definition where neither was considered the gold standard. We estimated that a sample of 200 MS cases and 200 non-MS controls would allow us to detect a sensitivity of 90% and specificity of 85%.
Incidence
As MS is a diagnosis of exclusion, patients may present with symptoms suggesting the disease before a confirmed diagnosis. Thus, for all patients meeting the case definition of MS, the date of diagnosis ("index date") was identified as the earlier of: the first date of medical contact for MS (ICD-9: 340/ICD-10: G35), or a diagnosis of a related demyelinating conditions (acute dis- . 15 This allowed for a more accurate date of incidence based on disease onset rather than disease diagnosis, which may be delayed. 15 The incident MS population consisted of those meeting the case definition with an index date in the given calendar year. Population figures on January 1 for the respective year were used as the denominator, with prevalent MS cases from previous years removed. Results were standardized to the 2001 Canadian Census to allow for comparability with previous studies. A 5-year run-in period with no other claims for MS or demyelinating conditions was used to ensure that the identified cases were indeed incident. However, because the CCDSS recommended an 8-year run-in period to detect incidence in MS, 5 a sensitivity analysis using an 8-year run-in period was also conducted to evaluate the effect of different run-in periods on incidence estimates.
Prevalence
Prevalent MS cases were identified for each calendar year from 2001 to 2013 using both case definitions. Cases of MS were considered prevalent until their death or loss of health coverage (emigration). Population figures from January 1 for each year were used as the denominator. Prevalence was estimated annually and adjusted for sex and age via the direct method 23 (Tables S4a and  S4b ). Irrespective of the definition used, the prevalence increased gradually between 2001 and 2010 but stabilized thereafter (Figure 2 ). For both definitions, the age at which prevalence peaked increased over time (Figure 3 ).
DISCUSSION
The results of this first-ever province-wide examination of incidence and prevalence confirm that Saskatchewan has one of the highest rates of MS in Canada, and worldwide. We found that the Marrie definition (≥3 claims for MS) had a higher sensitivity, PPV, and NPV when compared with the CCDSS definition (≥1 hospitalization or ≥5 physician claims within 2 years); specificity was similar between the two definitions. The estimated incidence and prevalence of MS in Saskatchewan were higher using the more sensitive Marrie definition compared with the CCDSS definition. Although differences in the rates appear small, the Marrie definition identifies an additional 450 prevalent cases in 2013 out of a provincial population of 1.1 million. As a result, the Marrie definition may be preferred from a health policy perspective considering the high costs associated with MS will have a significant impact on health system resources. 24, 25 In 2013, 314 individuals per 100,000 in Saskatchewan were identified as having MS. A previous study estimated a prevalence of 340 per 100,000 but examined the prairie region, combining data from the 2000/2001 Canadian Community Health Survey for Alberta, Saskatchewan, and Manitoba, and relied on a very small number of cases (n < 80). 7 Hader et al. 6 used medical records to estimate a prevalence of 298 per 100,000 but only included the Saskatoon area, not the entire province.
The prevalence of MS has been determined in several Canadian provinces, but methodological differences in disease surveillance can make comparisons difficult. Therefore, we utilized two case definitions that have been previously applied to health administrative data in Canada-to allow for comparability across provinces. The first definition by Marrie et al. 15 , was initially validated in Manitoba, has been used in other provinces, and is regularly used. [16] [17] [18] [19] [20] [21] The age-adjusted prevalence of MS in Manitoba in 2006 was 262 per 100,000 and the average age-adjusted annual incidence was 13.4 per 100,000 between 1998 and 2006. 15 The estimates observed in Saskatchewan using this same definition were higher: the standardized prevalence of MS was 302 per 100,000 in 2006, and the standardized annual incidence was 16.5 per 100,000 between 2001 and 2013. The second definition has been validated in Ontario, 22 and is the definition that has been recently recommended by the CCDSS in part because it does not require prescription claims, which are not universally available across Canada. 5 The age-and sexstandardized prevalence of MS in Ontario in 2010 was 207 per 100,000, compared with 256 per 100,000 in Saskatchewan for the same year. 22 In British Columbia and Nova Scotia, MS cases were defined as having ≥7 claims for MS for individuals with >3 years of residency or ≥3 claims if ≤3 years of residency. In Nova Scotia, the age-standardized prevalence of MS in 2010 was estimated to be 267 per 100,000 with an average annual incidence was 9.77 per 100,000 from 1995 to 2010. When a three claim definition (regardless of residency time) was tested, the crude prevalence in 2010 was 326.3 per 100,000. 21 In British Columbia, the age-standardized prevalence of MS in 2008 was 180 per 100,000 with an average annual incidence of 7.8 per 100,000 from 1996 to 2008. 20 Similar to Nova Scotia, the more sensitive ≥3 claim definition revealed a higher standardized annual incidence (10.9 per 100,000) and prevalence (235.8 per 100,000). 20 Regional variation in the prevalence of MS across Canada has been demonstrated previously, and may be due to environmental differences and variations in the ethnic makeup (i.e., inherited risk of developing MS) of the populations. 3, 7, 22 This may help to explain the differences seen between the prevalence in British Columbia and Nova Scotia, both of which are coastal provinces compared with landlocked Saskatchewan. Interestingly, the incidence and prevalence of MS was higher in Saskatchewan than Manitoba -two provinces of similar location, size, and population demographics. However, variations in genetic and environmental risks could still play a role, as has been noted in other countries over small geographic distances. 26 Another possible explanation for this inconsistency may be differences in health care policies and practice patterns between provinces.
Similar to other provinces, we observed a relatively stable incidence, but a gradual increase in prevalence. This increase in prevalence may be attributed to earlier diagnosis 27 due to improved access to neurologists 3 and the emergence of more accurate diagnostic techniques (i.e., MRI), 28 and longer survival, rather than an actual increased risk of disease. 29 Duration of observation may also affect the prevalence estimate; a longer observation period may capture milder or inactive cases of MS. 30 A shifting in peak prevalence to older ages over time (representing an aging population) is also consistent with findings from Manitoba, Nova Scotia, and British Columbia, 15, 20, 21 and studies of mortality rates, which suggest an improved survival in individuals with MS. 31, 32 We observed a "peak" in incidence in 2001, the same year new diagnostic criteria introduced the use of MRI to facilitate the diagnosis of MS, which may have contributed to the increase in MS cases rather an actual increase in disease risk during that period. However, as this was the first year that incidence was measured, it is also likely that prevalent cases were incorrectly identified as incident during this year.
Although health administrative data are considered a reliable method for estimating incidence and prevalence, individuals who do not have frequent contact with the health care system may be missed, resulting in an underestimation of the disease. Indeed, a previous study in Quebec found that the prevalence of systematic lupus erythematosus, another relapsing remitting disease where contacts with the health system varied, was underestimated when using an observation period of 5 years versus 15 years. 30 This is more likely to have happened in our study with the CCDSS definition which required claims occur within a 2-year period, compared with the Marrie definition which had no time limit, and was able to utilize almost two decades of data. This may also have been augmented due to billing practices in Saskatchewan; although many physicians who receive alternate payments (i.e. non-fee-for-service) submit shadow (dummy) claims which are captured in health administrative data, the physicians at the provincial MS clinic did not shadow bill during the study period. Therefore, not all encounters for MS may have been captured reliably. This is more likely to have impacted the CCDSS definition which may result in estimates that could possibly underestimate of the true burden of MS. The two reference data sources captured diagnoses differently which could introduce ascertainment bias. However, clinicians prospectively recorded the diagnoses in both cases which would be expected to limit the bias. A further limitation is the potential for misclassifying prevalent cases as incident. However, in a sensitivity analysis, we used an 8-year run-in period to identify incident cases, and found the change in incidence rates over time estimated with the 5-year run-in period to be very similar.
We confirmed that Saskatchewan has one of the highest rates of MS in Canada, and worldwide. The Public Health Agency of Canada estimated the annual per capita health care cost (excluding out-of-pocket expenses) for adults in 2011 was~$16,800 for individuals with MS, compared with $2500 for those without a neurological condition. 25 This, combined with a high prevalence and longer survival means MS will continue to place a significant burden on society and the health care system. 24 A more complete understanding of the burden of MS in Saskatchewan will not only help with future health care planning and resource allocation, but will also contribute toward research attempting to better understand the etiology of MS.
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